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- PRANSMISSION OF A LAMINAR ¥ANSFL2 REGLI INTO TUHZULENT ONE
WITE FERE OONVECTION

L.S‘m
An»—Uun Resesreh Inatitude of Wtoehniul and
MW '“.U.Sou).d.
(Ressived 12 October 1961)

 Ammoranua- [lepeXof SANMHADHOIO DOXHMA NBPeHOCA B TYDUYSGHPHHA Mpu
GBOGOrHOl KOHBERIMH BAOXD MNOCKOA MOBCPXHOCTA W BOKDYP RDUBOXMHE i~

HOf XapurTepH3yeTCcH paamu 8HQUOHMEM ArPr ,pUBHHM B NEPBOM CXYUas

lxrpr:a.exloa, 4 BO BTODOM =2x107  ,JPM BHAUSHIN COXNEHAOPCHA JXN NEpe-

HOCA TONNA M MACSH,

AboAract- Trunsuissiem of & laminay Fegime of transfer ixte the

WﬂﬁhﬂMMa)mmnmlam
NP surface is Charseterised Wy the differext valwe ArPr  gqual

 Sn he fived eese % Arpr.2.5108 mad in the sesemd te :2x107,
”mltm-?r mmumwz-mu
”Mﬂ. \ =~
IOLRNGIAT’JRB

. gl3 . 4p
. Arg Aykhimed wmuber, e '
ST py Peeadtl mmtery v '

Sc. Wm. RY'

Nup IWSSGlt wambew, hl

s» EmTItational smstant,n/voe’

"1y length (a dimmeter),n

Y MMﬂa/m :

Lo tmssyrgamif 50X1-HUM
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hoole :
na At EPangleryleer 'k x =3a
2
k p s diffuedvity x /83
Sudbseripsue
or, erxitiocal,

" eol, Scuvedtion

oy

oupir'loript$

lar, laminay,

tur, varbalent. .

“hen enlomlatisg amd fasting I% is assumed tha$ with free
Wmatn'lm'”prg.zxw"( & regime #f 4 flew is lami-
M azd 4% VAlmS 0T p¥Rrbalent ;17 . a4 thers is
20 differuios mirs feiy free oomyeetisca Fyeund heijes sad aleng
’l~ plates.ix sll “l.l ArPr = 2 x 107 aud invelves volume
mmfmmblm.

Experimental imvestigatisn /27 Ny {de imtesfercaee methed
of & streeture & fyxee flows aleng & vertieal]l plane sud ebsesPu~
tt.t&amtﬂuw-nwndsmemua
m:nuuam.dnnmm‘ﬁanmﬂmu&uu
of renamissism f & JAminay flev Yegime irte the twrbvadent fer

e valme . -1 tales plase at Ar,,. = bx108 108 a8
(ArPr) w=tx10° x 0.71 = 2. 8ix10® « TMls value (prpp)
is appreximtely 1A “ Mat of 2(107 ® '

ummmmummmnluh = uxpd
is cmracteristic enly for plans prodlem eox’oruakily %: lhinh i
is Wany ictarmined ew £% 18 gensyul for valune prodlems

a’ wall, .
In exder 40 explain this guestion,eonsider the qualitys
. lam tur
Nu = Nu
whiek fz ex open fm con fre%t?@inl suriace mar bde writtea

| | 50X1-HUM
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Y 13

0.67 (ArPr),,. = 0.135 (ArPr).,

‘where 0,67 1s taken follewing /3 7and 0.,135,fo1lwwing (17 o
The solutiem eof thu equation givess
1/12
(ArPr)cr = h.%
(ArPr) . = 2.»3x10.8

-~

{

At Preo.TL Argy = 23O & 3.23x10° e.5e 1% has the ener of
lue - 8 ,
- : Arep exp - 4x10 -~ .

Fer unubm the nwmarieal valus of the oeel~
flateas 0,133 45 Sur£astant 4o Ve subsiituted ez 0.133 whave

Argh = Mrep oxp ® 136° «Presseding fren this equalityt
1/

: 0.54 (ArPr),,

W cvtaln for sphavisal Deddes Wt (4o pagT /A7

fes £t 15 t7we St mmevitel valws of  (up) ave diffevent

mmm«.dwmwmm.
Nnktu”hﬁohcbdaohtnnudmﬂud

Rergy et and mass transfer equations tha¢ for = laminar segime

Wik fxee convestiom almg & plane wurfase the proportienAliy

eoezfiolent 1n Aransfer equatiems for aAll \ypes of tremafer 18

" 4he ssme aad equal %9 : 0.67. |

Isem the enewgy Srensfer equatien we haves
’ 0.8

= 0.133 (ArPr ).ci/ 3

0.667 Re2*? = 0.037 Re o

Reg, = 16200

n Ahe basts 6f $he eewparisea of twrbulext emergy and heat
Wsaster equations with £Ive saxvectiom:
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/3

1 0.8
0.133 (ArPr),. = = 0.037 Re_,. = 0.037 (16200)°°8

w» hat (ArPr)o, = 2.25 x 108

This valws (ArPr).AS eleser %  (ArPr),. = 2.3 x 108 ds terzined
adeve,

Preeceding frem the hest fyuasfer equziion!

A (ArPr)c%/h z 0.133 (ArPr)c%B

we determine dhat

1/12 3)1/12

A = 0.133 (ArPr),,. = 0.133 (2.25 x 10 < 0.66 = 0.67

Teeping in mind $hat experimental ixvestigatiens (3) en
owpesution of sems Jiguids fyem the vertieal swwfsee 8% Arsc < 3x10°
dobernined the valwd A = 0.67 as wellydt 45 pessidle %0 assune
the existemee ¢ Mmiher & ¢1o8¢ Smalagy i transfer mpehanisme tha
alleows %0 write ealoulstica fermulas fer heat and mass tUransier o
the Sasis of yivetscimienl Sepesentations.

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/01/06 : CIA-RDP80T00246A015300050001-6 -



Declassified in Part - Sanitized Copy Approved for Release 2012/01/06 : CIA-RDP80T00246A015300050001-6

REPERELNCES

1.0 040 GILEY ,fundamentals ef dead Tru.aler ( suo7,; Yeplupere—
iealy,, -osenergodsdct,losoew (1555,.

24 o o0 JCEERE X SONNGRN and PJ OCLILL ., frmasitisn OF &
lanina: Flew inte Tl_lx‘bnlant with .Jxwe Ccnveorio . &% O
Vertisa) i’lase (in Russisn ¥ransiatiouj, = L: *Probleus
nograrichnogo sleya 4 veprosy #e;i-) Tui.t.l' D04 Fedurtmic

1 o DU rosenergoizdat (1960),

3eCoiio VIIXD 0 N oPOLIAS and M RILERIi..;,"F-e ( ,.v 'iion lass
fenatar af Vertieal Pludes. homei.. oFiv €. b . iedJgdo 12
(1953,.

50X1-HUM

Declassified in Part - Sanitized Copy Approved for Release 2012/01/06 : CIA-RDP80T00246A015300050001-6



\ ENYA1 HIIN

Declassified in Part Sanitized Copy Approved for Release 2012/01/06 : CIA- RDP80T00246A015300050001 -6

|
LR TR-LYER BATYREN 4 340 Nu.. S dSiil 3 SURPACE
i CO.DLUED ACTION OF FRRE AND FORCHD LONVLCTION o

LOSM

~ All~Unton Reseapsh Institute of Hydrotechmieal
ﬂww,u,s.s.n.

(Rewsived 12 October 1961)

Amworava=" KPATEDUATHHOM BANS NanPcA TODLYIMEH,NOTTBCRNGHIS
akcflef)menz-m-px,,m'; Onpe e X8HUA rremooﬁéem per Iy x'e@zzou‘ X ®ApPOBOit
NOPENIOCTEN © VCNCEAAX COBMECTHOTO JGHCTBIMA CBOOUTHON M BHHYXIOH—
ot mowpemmm, |

Adstrast~rermilas tnwuhut Muhﬂmmm
ammmnrfm-tmdmdmnlzmum
tien v2iek sy senfivned Iy oxperinents a¥e gtven in a eriterima
Lewn.

HOMENOLATURE

Grg GPushes millbey , 5“;‘

vae Pusselt wbew,  na
' Rey Raymolds mmber, . wd

Pry Pyuadtl medber, L

gy Srevitatiemal m.n/uo ’
~dy diamsterym,

vy Xinetis Visesstiy,X/see,
n, heat transfex,keal/n »? °C,
<y thewmal diffusivity,u’/see,

x o thewmal cemdustivity,koal/h u *C,
w o Velocity,m/see,

T y— Sexperature,’x,

Aty @3f2erence tempevatIe. .
N 50X1-HUM
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‘ AS presext great emmsideration is given to heat snd mass

transfer at conbined mctien ¢f free and feresd conveetiem.

Lf.cmlta of nmew investigations en hea$ truuser of sphevisal
particles with small sizes in air urder the ecnditiens ef beth
fres and forced semvecticn and their sombined 2s%ion are presente:
in Teseasly published wesk /17 &f rcfassir ,Jage (Mvuuv
of Tekye). |

Acoerding Se thsse experiments hest trans’er frem spheriesl
Dedies with free eemvestisn fer the Fegion 1<Gr<10°  1s deseribe:
1 the egtatien Nu,, = 240,392 Gr/" ‘amd Witk foreed ecuvestien
for s yegion 10 <Re <3800 Wy the .q“uonNuforcea 2(140.246 VRe)

24 eombined setisn ¢f fyee and forced esuvection anslytieal
gelagions nre not disewssed, .

Analysis ef resulss en fryee oemvection following Juge shewe

. 'Yhnt thay d¢ not seinsids with $he already Xuowx: relstisms yrepose:
W Ekhee? £ /.is is Xnown,the ferm of thess Felatiems is as '
feollewss

Nuppee = 1:18 (GrPr)l/ 8 for 1073 £ GrPr € 500

Nu 0.5k (GrPr)l/ b - ey 500 £ GrPr £ 2x107

free

N is 2t A1£240ult 40 omnvinge tha$ for dewndary valumes ¢f the
gamge I £Gr ¢ 107 w iu valwes of Nup.ee eucrliu ]
the resuits of beth awthors yeaches 100 per cart «§ Gr e 1
(Furrns 48 Juge twiee as greater than Nu;, .. ,fellpwing Nikheev )
.a enly ag Gr’—? 10° ey sexverge.Thus, the priweipal diver-
gunee takes Plise 4% Mot Migh valmes o Gr ,

I§ should be meted that alresdy in the region ef eensiderabdle
values of Gr/Re°  $he Sesults en heat transfer at cembined astion
of forced and free semvestion okfained Wy Juge do not agree with
Wose of analegous experimental investigations tclloﬂng lyakhev-

aky [3/ .iesults ¢f sems experiments of Juge Borr50X1-HUVE his
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papes arxv §.c e L:;',igol.l;bs'z}t'? nZ 4l wplen ol CEuibar vty
_cx.perizents (r Gr =3% and Gr elZ.0 , aFi siewy ¥ = Cash lins
in ;0.1 a8 well,

Ixtrenely vast experimental material on fra: swivestien
gemerulized ¥y ldkheev makes ws thiwmk thad tbe relasions Jrepesed
W Liz are yather eegent.Thevefews, it 1s sossidle ¥s assume that
the divergensse Yetween data of iqxheey ani Jige s sesding
values of Iu in dxta of the latter is cause. Wy some methodieal
Beglest ix expsrimants witk fyee eenvesiier.

| Such sonelusion 43 based en the fast that mevavuremeny methods
and 31l msasurics sypa'ntnj applied by Tyuge ensurs. PFUPEr ageurn~
€7 sinse th¢ results of axperimental imvestigatiens on foreed
esmvestion seer %o ¢uimside Wiih the datc 6f elassisal wxperiments
of 7rewsling [}/ tut a8 an fnereass! valwe of ths lower limit
Re al0,

Sreeeeding frem the abeve mextiensd ocne may drew & eenelusien
that self-mevemest of an aiP nedfxm fn the Foum where an experi-
Bext $zkes plage s the enly veason which esnses heat transfey
$atersifieation with f39e eeuvestien and,esmsequently,inereased
values ¢f Nu tnm'-m.m'm sene ﬂmmun
douds a0t azy meticesdls motlem of afr Ln Ahe recm eewld be
found and prevertsad.I¢ makes wa $hink {hee if air movement deck
Flass ;4hen as axy yete 4% WS megligidle Wy it ebe lute valwe,
m:,the Qestiom ll'll..to Mag exbent mealigidle 2+l f-movement
of air may {nfluemee FOSUILS ¢f an experimens.

In erder %0 develop this mﬂﬁwoh“ 18 goasl 'ap ﬂu'
Josults ol genecalising fwvestigatiocns x: daat franefew &% eombing
w«ammrwmmmmmwmw
Whe sather o2 tre yeesert paper 3/ .

_ igcerding §0 these data twe feree sexes should be distinguia
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| 4
Gr £ . 1.02 pri/12 } =4 £ £ 7
( Gz, s—ﬁ'éJP-x&ﬁ;— + 1 | 500 € GrPr € 2x10
1 § ' ‘ '
g Cr, z ; 1.7 L 0.67 Rel/* ppd/ 2“28 8% 103 £ grpr £ 500
~ Re eh&-f’_rI]B
Gr = . : 1/12 4 ‘ a% ‘2 P T
( g N .

In & heat tvansfer prosess imertial fovoes pre~=1l in the
£2yet of these semes and the gravisations] ia the secoad.
Calemlation formulas are yrepesed for eash of fhsse senes
at eembined action ¢f free and fereed emvestion
for the first senst

e . 1/k |
| Nu—Nuforced[lJ-CE%_% (%2)/]’ (1)
vhere  =0.1 fellewing Jugh's experiments § . =0.15 as %o

lyaXtwvay (#18.2)8
fow The sesend semed

Nu-Nufree [l+( 2\ 1/5],

(2)
vhige' Nugopceq = 2 (1 4 0.276 /R Pri/3.),
- Nug.e ©1.18 (GrPr)Y/8 or Nuppee = 0.5 (Grer)*/
aed & - depen on the valus of
Re_ 18 detewmia "N“free." N, depemding wp

GrPr . :

Pﬁi the viewpoint of determining the {nflmerse »f movement
of a perrounding mediurm em hoet trunsfer iz az experiasntcl rYeom
heat dyansfer at tus smellest valus of . ¢ of grasé intewest.
Fer this purpsse memy,  ® Nueq 29 Gryy MO0 the valub
o Re, is Jetarmingd Wy the squatiem:

1.18 (400 x 0.71)M8 = 2 (1 +0.276 /e . 0.3,
| - . - 50X1-HUM
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LD roweseat senivums Yo 't":.‘,a vslny »Y  Re ey V=l-911°-52
3 _ o m</sec
and D = 6.3 x 1079, )3
o RV ot 067x1.9x107° = 2.1073 = 2 mm/sec
. _ 63 % 103 m/sec

, It means that heat transfer ¢f a sphere with frees cenveotion
at Gr wAO0 48 Mullx equal to ths4 in 24ir with extragely
dow movement.Eenes it fellews fhat the itereasseci valus ¢f Nu
ebtained Yy Tuge a8 Or  «A00 As yeally deseruined Wy the
infinenes of self-mgvement of aly hthomud.hﬂltm.r
pncu moummu-mumo ummmu
The exder o a value ¢f this mevement is deteuhuwth

equations V7
Juge 1 /h '1/3 Ret 0. 67 1/
Nue... = 240.392 Gr = 2(1+0. 276 J/Re 0.71777) /1+o 1 Re 2 )

fyen whieh 15 follews that- Re 8,50, And actusl mevemext is
daficed W $he valumes

w - h-56f31;9lg_§0-5 = 0.01k m/sec.ﬁ 1.4k cm/sec
Evidently,{he presense and influenee of such movement were
o8 assunad.

. m.,ﬁe'omudamudmmmmnum
siing was really megligidle and,eemsequently, eculd met esuse
prelininiry fears for the Fesulis of c‘xpmmnt-.u“mu.;xf 1%
1s velid for dedies of surfases with srect sices,ten sush
mevenent eonsidersbly inflweneed experimental walues of Ao Wy
viFtue of highly small sises o2 sphaviesl partieles,

. Having the velme ¢f Re wh.30 eemfiiuin; 42 self-movement
o2 air in the room {4 15 showm thal a¢ Gr =1830° heat transfer
”odcd when the influsnes of free senvectien prevailed,

Per this ain §% sheuld Ba neted thass | soxtHUM

Re? >(/Tz—“eLF[/“ + 102Pr/ )
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Indeed latrodusing nluiTWe »4,5 and
yr-O.,?l uuuntodofmmt
-}_@.00-89?( 3.7 +102x099)
R—ge k.57 ( /55 o.mat/4 ) T

Jow let us calenlate the vilues of with simultaneous
oxistense o . amd ;. for valwes 1 . =ACO and g, =A.5)
or 1800 and . eh.S. - |
Ki«m %¢ the M mentiomed the first somdinagion
oe¥Tespeads 9 the prevailing influenee of fexeved cexvestien whils

the secend,ts free oexveetion.,
Hanse! = 2 (110.276 /85 + 0.mM3) [140.1 1eH0.6T (;goas)l/h 23.75
Nu2~051+ (1soo~on)1/“[1+(_8%6)1/5/ .55

Experinental values following Juge's rmh (N“fr = 240.3926r1/* )8

Nul-e+039exuool/“-375

Wu, T2 +0.392 x 18007 " = k.55
satisty them,respesiively.

Pig.] presents the 2esults of experiments of Juze in ee-
erifmates;,, > amdy,, -2 1% a pletwral fers.Tic origin,equsl
W u_2:0 sFysieally st all dses et ecxfexm %8 - 5 - o
mu~w1m¢-nm¢.wuuauu
n-wmmmwmmmmmn
28 oqual % :

Nu -2 ’
forced 1/3 o
2 (1 + 0.276 /b.55 - 0.71 ) -2 23.06 -2%1.06

Wt 2ot se¥v.hen en the abeeias are lecated the values of Migoreed
‘ealowlsied enly with Fespess 90 & veloedty »® ap artifieial flow,
and oxperimextal voiwes &8 g, - Josztel su the sxritnate soem
%o be determined by SiFes phemomensiself-acvenent o2 u medium,-
artificial mevemsnt ad gmvitatiomal flew. ezzwhile,she valwes

of .o - on the amitnate mast he funetisns of snlr twe pars~
novess of . and  p. . 50X1-HUM

ms. Piz.l and yartionlarly its left side does not vesent
Declassified in Part - Sanitized Copy Approved for Release 2012/01/06 : CIA-RDP80T00246A015300050001-6
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Krischay /6 7/proposed 0 desoride ra.d 4 %ar at coxhinel
astion &f f;\'a ané foreel senvestien wh:n they saivelds ix Alree—

tioxn,vith sogze resultant values &f Re *dscermine. B, the expressiar:
Re * = Re - /1/2 Gr,

wheye R 15 charneterised My the welocity of a yumming flow,
' Taking into assewnt She faet that ir aceericnce with Juge's
experimenis fer 'pbrtod. bodiss Rest tvensfer yreeseds sinilarly
vhen divecticn of doth flm soineids ani when they ave Seciprie=lsd
" 19 mermal S0 esgh sther ene may sharesterise sslf-movement eof air
A8 an experimextal yoen en the bagis of the relation memtiened
abeve. , E
Pexr this ain the fellewing oquatien is @sed!
Nu=2+0276/§;—*f’rl/3=375
frem whieh 1% £621lews thad Rc* =80, .
Asd self-movemsnt of & suyveunding mediun relative to the sphare
a-mmmuwwmmxu:

Re-so-/l/zu 36

Muum*h-tamvaw en heat Srensfer in &

feveod flew with l‘w of al? ag Re =36 could met soinell:

with Fresslings’ expezimmis st Fe w10, Thawe:cre ths yelatiem

m& W Xrisede? 15 appayentily inapplisable at smmll values of
Re  amq Or when viseesity $0 a great extent {n{luemces heal

L 50X1- HUMW
Stansfer. .
_ Censlysion

P

(1) Heat transfey equation with free eonvection for sphérical
bedies proposed by Jugs was ebiainel when Juge'’s hest transfer
‘sonditiens wers not ebeerved and,censeqhentily,should met be wsed.

| (2) Permulas (1) amd (2) sre given by the anthor fer ealsuladé
§ag heat {Tansfer Jreetsses at ecmbired action of free amd ferced

e ehBlmee Mhn cawdlddd cce of dhalte annliactfane ora Aadtavminad
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W 4we somes ) and II,
 REFPERENCES

1. LJuge,Experimenis en heat transfer from sphares ineludiag
ecudined natural sud Le3wed Semveeilem,lrunsaciions ef the
ASLE o Series CoRo.3¢1960) '

L, I.A.nnnv,mmn of heat Arausfer (Osuovy mlm
Gesensrgeisiad,lsssow (1936).

3¢ BuDEstensleon and 7oA Timefesva,Iuvestisatien of seureetive
heat mucmmdnuumu-dum
ssaditions (Issledevaxiye keuvikiivaege $eplechnena mashéu
ehastitsani 3 potelem ¥ mt-tu-mqn wleviyekh) Jashgis,
liessow (1949), )
A Slvessiing,lver d1s Vertmastang fallender mu.mnm
Beitregs swr Goeghyatik, ¥ 32 (1938).
s. InS Jlyaahke,Critical heat snd mass transfer equations at oembi~
. med setfem of fyes sad fereed seuveetion (Xpiterialuyis wreve
, neniya teplo-4 massbedmens y¥i sovmssinen deistvii vymishiemm
, Wl § svebedned Memvektsit). Sh.tywdev Vsees .ltueh.~fssledevat
In-ta Hidretekh.d Sanitayne-tekh Rabes,l0.13 (1960),
£ OXrisehar NG.M.W Iveffaustausch bei S¥SVHRSENer
trteng an KBFpFe veysediedenes fewm, Chem, Ing.Teeha.,
N 3=2,Te1l Ly 8o 31=39§ Tefl II,5.69-74 (1958),
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rig«l o —— Juge's experiments,

Lyskhoveky's experinments.
®  GeelB00
A GpeaBe0
X  Op=d2 .
S Gred060
«  amers
A CxedO0
Pige2
o ’-ouo\mmdnmn woowromn,(t)
N'm(x)n w04, '
T~ ealevliated eurve 2§ O3el50C by formua (2)
and Wy fewmala (1) a$ 0,15,
e Juge’s. experineis,
. * lyaXhevaky's

50X1-HUM
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